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Abstract 
In the assessment of mine gas prevention and control system, how to determine the weight of every main influence 
factor is a significant problem. In order to construct the mine gas prevention and control system sufficiently and 
reasonably, it is necessary to study the assessment indexes of the mine gas prevention and control system with the 
method of analytic hierarchy process, and determine the weight of each index, in the meantime, base the assessment 
on the quantization result of indexes. The study result shows that the main factors in the mine gas prevention and 
control system are gas monitor, gas outburst, ventilation condition and gas drainage. The weight value of each factor 
is determined through the method of analytic hierarchy process. The analysis results calculated accord with the 
practical situation, thus providing the direction for the survey of the assessment of the mine gas prevention and 
control system. 
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1. Introduction 
Coal is the major energy in our country, whose proportion occupies more than 70% in primary 
energy consumption. More than 95% coal mine in our country are mined underground, the occurrence 
condition in the coal seam is poor and the geological diversity is varied. The disaster from the gas, water, 
fire and the floor threatens the work safety underground constantly. Among them, the gas disaster is the 
most serious [1]. According to the information announced on the website of State Administration of Work 
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Safety, the total number of the gas accidents happened in the first half year of 2011 involved 62,245 
people dead[2]. Therefore, the whole level of the coal mine gas prevention must be promoted, and the 
assessment of its prevention system must be accurate, thus to guarantee that the system can reach the 
requirement of the national gas comprehensive treatment. 
In recent years, the method of AHP has been applied vastly in every coal mine field [3-8]. The AHP 
builds the hierarchical assessment system firstly, and each hierarchy responds to the single target of the 
last hierarchy. In the same hierarchy, all the factors compare with each other. Then we have to determine 
its own importance degree and the order, and form the weight vector in the end, thus to distinguish their 
strengths and weaknesses. It is a practical assessment analysis method which combined the qualitative 
method and the quantitative method together. Since when we assess the condition of the coal mine gas 
prevention system, it is difficult to get the accurate result with the traditional qualitative expert 
assessment method, besides, it also exists difficult using the quantitative method due to the differences of 
each index importance and its values. Therefore, the application of the AHP method is a favourable 
approach to solve this problem. According to the analysis mentioned above, this paper adopts the AHP 
theory to assess the system based on the work experience of the coal mine gas prevention. And determine 
the weight of each factor that influences the system, thus attempting to analysis the function of the coal 
mine gas prevention system in safety production qualitatively and quantitatively, and then guarantee the 
safety of the coal mine consequently. 
2. The AHP theory 
The Analytic Hierarchy Process (AHP)  was proposed by the American professor T.L. Satty famous 
in Operational Research in early 1970[4]. It is a simple, practical and effective decision analysis method 
which conducts quantitative analysis to the qualitative problem. The feature is that it can dispose the 
experience of the analyst quantitatively, so it will be practical especially in the circumstance when the 
goal structure is complex and the necessary data is deficient. When analysis the system problem using the 
AHP method, the main produces can be summed as follows: (1)Understand the problem explicitly, and 
then build the hierarchical structure model; (2)Structure the judgment matrix; (3)Establish the weight 
values of the system; (4) Sequence the hierarchy and check the consistency; (5)Calculate the assessment 
result. 
2.1. Build the hierarchical structure model 
        The key of the AHP method is to build the hierarchical structure model of the problem. According to 
the different goal that the system problem tries to achieve and other various factors involved, it can be 
divided as the destination layer (that is the goal needed to reach ); the criterion layer(that means the 
intermediate link involved when adopting some kind of measure to realize the intended target ); the 
program layer(means the various projects and measures adopted to solve the problem). As the current 
survey needs, we usually select the form of block diagram to illustrate the hierarchical structures in 
different hierarchy   visually and the affiliation among the various factors. It can be shown in Fig.1.  
Generally speaking, it suits the research problem that only needs to build three-hierarchical 
assessment models. Because the number of the assessment index on the third hierarchy is capable of 
contenting the analysis need, and can also be easy to quantify. Since the assessment index in the lower 
layer may cause influence of different degree to the index in many up layer, therefore, the assessment 
model established is required to fulfil the following points: (1) possess the considerable practicality which 
can reflect the assessment goal;(2) consider the content entirely, and the index meaning must be explicit; 
(3) the hierarchical structure have to be distinct, and the correlations must possess scientifically and 
rationality. 
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Fig.1 The hierarchical chart of the system 
2.2. Establish the judgment matrix 
When conducting analytical judgment to the relative importance of each hierarchic system, “the 
judgment matrix” is usually selected. It can mean importance degree of the coherent elements on this 
hierarchy to a certain element on the last one. Through the comparison judgment between each other, and 
denote the result with the corresponding values, then the form of the matrix can be obtained. For example, 
when we assess the factor of the last layer through index A1, A2, A3, and finally we can get the judgment 
matrix, it can be shown in Tab.1. 
Tab.1 The judgment matrix 
Index 1A  2A  3A  
1A  11a  12a  13a  
2A  21a  22a  23a  
3A  31a  32a  33a  
Where: ija  stands for the relative importance fraction of index iA  to jA , and its numeric area is 
usually between 1～9（or 1/1～1/9）, if the reciprocal value is fetched, then it is adverse to the situation 
mentioned above. And the principle is shown in Tab.2. 
Tab.2  The value of AHP  judgment matrix 
Value Meaning 
1 index iA  and jA  is of equal importance 
3 index iA  is slightly important than index jA  
5 index iA  is obviously important than index jA  
7 index iA  is severely important than index jA  
9 index iA  is extremely important than index jA  
2,4,6,8 The median of the adjacent judgment between each other 
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In the judgment matrix, each element fulfils the following condition : 
10, 1, ( , 1,2, , )ij ii ij
ji
a a a i j n
a
    .                                         (1) 
There are many kinds of methods to determine the numerical values in judgment matrix so far, the 
analysis according to the data information、the expert advice and the comprehensive cognition of the 
analyst are usually adopted. We can also realize it by calculating the average value according to the 
judgment matrix provided by many experts. 
2.3. Establish the weight value of the system 
According to the judgment matrix A established above, calculation of relative weight of the every 
index in the system is needed. The various index weight values of the system are the feature values of the 
matrix A theoretically. The calculation procedure is as follows: 
(1) Multiply the indexes in the judgment matrix A by row, the product iM  of the row elements is: 
1
, ( , 1,2, , )
n
i ij
i
M a i j n

                                                   (2)     
(2) Open n power to the product iM  of each row respectively, and get the iW : 
, ( , 1,2, , )ni iW M i j n                                                    (3) 
(3) Normalize the vector 1 2( , , , )nW W W W : 
  
1
, ( , 1,2, , )ii n
i
i
W
W i j n
W

 

                                                (4) 
Then  the 1 2( , , , )nW W W W  is exactly the feature vector calculated.  
After the weight value of every index is obtained, the maximum characteristic root max  of the 
judgment matrix can also be calculated: 
max
1
( )n i
i i
AW
nW


 .                                                                   (5) 
The maximum characteristic root max  and the feature vector W of every hierarchy project can be 
calculated with the method mentioned above, then calculate the weight vector of the indexes on the lower 
layer with the method of weighting summation, and finally obtain the total sequence of the hierarchy. 
2.4.  Sequence the hierarchy and check the consistency 
After obtaining the weight value W of each index, it is needed to examine the accuracy and 
consistency of the judgment matrix A. Since the relative importance of each index in judgment matrix is 
established by the subjective judgment, and the complexity of the objective affairs and the limitation of 
man-made judgment, so it is very difficult to reach the goal of keeping the entire consistency of the 
judgment. According to the AHP theory provided by Satty, we can adopt the D-value of the max and n to 
examine the consistency of the judgment matrix. 
(1)When the judgment matrix possesses complete consistency, then it is unique and is also the 
maximum non-zero characteristic root max n  . 
(2)When the judgment matrix possesses the satisfying consistency, its maximum characteristic root  
1580  Zhang Jianqing / Procedia Engineering 26 (2011) 1576 – 1584 Zhang Jianqing/ Procedia Engineering 00 (2011) 000–000 5 
will be slightly large than the order n of it. Therefore, it is needed to examine the value of the index CI 
which denotes the deviation degree of the judgment matrix from the consistency to decide the consistency 
situation of  the matrix. Denoting the value of the CI as: 
max
1
n
CI
n
 


.                                                                      (6) 
In order to measure the consistency of the judgment matrix of different order, it is needed to refer to 
the average  random index value RI, the  value of the order from 1~12 is shown in Tab.3.  
Tab.3 the table of the random consistency value of the judgment matrix 
Order 1 2 3 4 5 6 7 8 9 10 11 12 
RI 0 0 0.52 0.89 1.12 1.26 1.36 1.41 1.46 1.49 1.52 1.54 
To the judgment matrix whose order is 3 or more than 3, choosing the ratio value CR of random 
consistency to decide: 
CICR
RI
 ,                                                                          (7) 
When the CR<0.10, we can consider the judgment matrix possess satisfying consistency. 
For the multi-layer consistency tests, firstly, the coincident indicator of the single hierarchy sequence 
of each index is needed to calculate, then calculate the total sequence index CI and the random 
consistency index RI: 
1
( )
n
i i
i
CI a CI

  ,
1
( )
n
i i
i
RI a RI

  .                                                       (8)             
In the end, calculate the random consistency ratio CR, and then examine the judgment. 
2.5. Calculate the assessment result 
According to the analysis procedure mentioned above, when the value of the assessment index and 
the index matrix are determined, the final overall merit can also be got with the approach of “additive 
synthesis”. This approach can highlight the relatively big assessment value and the weight coefficient, it 
can apply to the situation in which the each index is mutual independence and mutual offset in the system. 
The computing method is shown as follows: 
 
1
n
k k
k
U W U

                                                                             (9) 
In the equation: denote U as the result of the overall merit; kW  as the weight value of the index k; 
kU  as the assessment value of the index k. 
3. The application of AHP in mine gas prevention system 
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To evaluate the coal mine gas prevention system aimed at reforming the mine gas prevention 
schemes and strengthening the work in the future, after extensive research and the analysis of mine gas 
prevention system, this paper establishes the following three hierarchy evaluation model using for 
evaluating the status of mine gas prevention system, structures judgment matrix of every hierarchy, and 
establishes the computer program for calculating the weight of every evaluation factors and making 
consistency check. Meanwhile，makes some evaluation index dimensionless, also makes analyzed 
setting, that should be modified according to the specific coal mine practice. 
3.1. The hierarchy evaluation model of mine gas prevention system 
Based on the analysis of the ventilation system, the hierarchy evaluation system was set up as shown 
in Fig.1. The Fig.1 shows: the system is divided into three hierarchies, the first hierarchy is evaluation 
target: the status of mine gas prevention system; The second hierarchy is four main aspects of mine gas 
prevention system, that are gas monitoring, gas management, ventilation and the gas drainage; The third 
hierarchy is the specific indicators used to evaluate the four aspects mentioned above. As shown in Fig.2, 
the following is respective discussion. 
 
Fig.2 The  evaluation hierarchy of  mine gas prevention system 
 
3.2 The structure of judgment matrix 
         According to the established evaluation system above, it is necessary to set up one judgment matrix 
on the second level and four judgment matrix on the third level, and judge the relative importance of 
various factors, which are A and S1 to S4 respectively. There are shown from Tab.4 to Tab.8. 
                                                                   Tab.4  The judgment matrix A 
A A1 A2 A3 A4 
A1 1 3 3 5 
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A2  1 1 3 
A3   1 3 
A4    1 
Tab.5  The judgment matrix S1 
S1 B1 B2 B3 B7 
B1 1 3 5 3 
B2  1 3 1 
B3   1 1/3 
B7    1 
Tab.6  The judgment matrix S2 
S2 B1 B4 B5 
B1 1 3 5 
B2  1 3 
B3   1 
Tab.7  The judgment matrix S3 
S3 B5 B6 
B5 1 3 
B6  1 
Tab.8  The judgment matrix S4 
S4 B5 B7 B8 
B5 1 3 5 
B7  1 3 
B8   1 
 
3.3 The weight of evaluation factors and consistency check 
Solve the single sort vector and total sort vector of the judgment matrix mentioned above, and make 
the consistency check. 
       The calculation results of judgment matrix A on the first level is: 
Weight coefficient vector W is: (0.52, 0.2, 0.2, 0.08), 
The biggest characteristic root λmax is: 4.0425. 
Consistency test parameters CI = 0.014, CR = 0.016 < 0.1, meet the consistency requirements.  
The calculation results of other factors as shown in Tab.9. 
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Tab.9 The results of evaluation factors 
First level Second level Weight Third level Weight λmax Consistency test 
 
 
 
 
 
 
 
Mine  
Gas 
Prevention  
System 
 
 
 
 
Gas Monitor  
 
 
 
0.52 
Operation of coal mine 
monitoring system 
0.52  
 
4.0425 
 
CI=0.014，
CR=0.016<0.1 Situation of coal mine  
monitoring staff 
0.2 
The gas daily-implementation 0.08 
Coal gas concentration 0.2 
 
 
Gas Outburst 
 
0.2 
Operation of coal mine 
monitoring system 
0.634  
 
 
3.038 
 
CI=0.019， 
CR=0.037<0.1 Technical measures to prevent 
gas outburst 
0.26 
The qualified rate of coal mine 
ventilation 
0.106 
 
Gas 
Ventilation 
0.2 The qualified rate of coal mine 
ventilation 
0.75  
2 
 
CI=0， 
CR=0<0.1 The complexity of ventilation 
network 
0.25 
 
Gas Drainage 
 
0.08 
The qualified rate of coal mine 
ventilation 
0.634  
3.038 
 
CI=0.019， 
CR=0.037<0.1 Coal gas concentration 0.26 
Reasonable drainage parameters 0.106 
 
According to the two weight vectors gained on second level and the third level, using the formula 4 
and 8 to calculate the total sort weight vector of evaluate system and to make the consistency check, the 
result is: 
       Weight coefficient vector W is: (0.2405, 0.09125, 0.03575, 0.04125, 0.38725, 0.0625, 0.115, 0.0265). 
Consistency test parameters CI = 0.0298, RI = 1.136, CR = 0.026 < 0.1, meet the consistency 
requirements, as shown in Tab.10. 
       
Tab.10 The result of weight 
 Factor Weight 
 
 
Mine Gas 
Prevention  
System 
 
Operation of coal mine monitoring system 0.2405 
Situation of coal mine monitoring staff 0.09125 
The gas daily-implementation 0.03575 
Technical measures to prevent gas outburst 0.04125 
The qualified rate of coal mine ventilation 0.38725 
The complexity of ventilation network 0.0625 
Coal gas concentration 0.115 
Reasonable drainage parameters 0.0265 
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It can be shown that, hierarchy total sort has satisfied the consistency, can be used as the weight 
coefficient to express the status of mine gas prevention system. Combining with the actual evaluation 
index of the coal mine, the evaluation results can be obtained.   
4.  Conclusions 
(1) According to AHP, established system evaluation structure of mine gas, it includes three 
hierarchies: the first evaluation target is the condition of mine gas prevention and control system; the 
second hierarchy evaluated four main aspects of mine gas prevention and control system, that are gas 
monitoring, gas management, ventilation and the gas drainage; The third hierarchy evaluated eight index, 
just an the monitoring system operation, monitoring staff and so on. Through AHP calculation method, 
the weight of each evaluation index was determined, and the quantitative results can be used as the 
important evaluative basis for prevention and control of mine gas. 
(2) AHP combined quantitative analysis method with qualitative analysis method, is a method that 
can give an objective description about the subjective judgment. It is used in the evaluation system of coal 
mine gas prevention and control, and could consider all views synthetically, through the communication 
and coordination between various aspects, and ensure the coal mine safety in production.   
References 
[1] Yu Bufan. Prevention of coal-mine gas hazards and utilization manual [M]. Beijing:Coal Industry Press,2005. 
[2] The Central People’s Government of the People’s Republic of China. http://www.gov.cn/zwgk/2011-
08/11/content_1923716.htm 
 [3] Zhang Hongjie, Liu Zhentang, Zhao Enlai. Application of Analytic Hierarchy Process to the Safety Investment for Gas 
Control in Coal Mine[J].  Mining Research and Development,2010,30(2) :83-86.(In Chinese) 
[4] Guo Jinyu, Zhang Zhongbing, Sun Qinyun. The application of AHP to the scientific research in security[J]. Journal of 
Safety Science and Technology,2008,4(2) :69-73.(In Chinese) 
[5] Zhang Jiayong, Gong Xuemin, Guo Liwen. Constituting the assessment index system of the coal[J]. China 
Mining,2006,15(4) :20-22.(In Chinese) 
[6] Zhang Wenquan,Yu Hailing. Use of Hierarchy Analysis Process to Determine Weight of Influence Factors of Mine Roof 
Water Inrush[J].  Mining Safety & Environmetal Protection,2006,33(2) :50-52. .(In Chinese) 
[7] Li Yuming, Zhang Jiayong, Zhao Libing. Constituting the Assessment Model of the Methane Accident by the Method of 
Layered Analysis[J]. Coal technology, 2006, 25( 9 ) :58-62 .(In Chinese) 
[8] Tan Haiwen. Use of Hierarchy analysis process to determine weight of influence factors of limestone mine blasting[J]. 
Mineral and chemical processing ,2007,6 :26-29. (In Chinese) 
 
